Visual attention Brain damage Superior parietal lobule Developmental dyslexia Visual attention span Endogenous and exogenous spatial attention A B S T R A C T Neuroimaging studies have identified the superior parietal lobules bilaterally as the neural substrates of reduced visual attention (VA) span in developmental dyslexia. It remains however unclear whether the VA span deficit and the deficits in temporal and spatial attention shifting also reported in dyslexic children reflect a unitary spatio-temporal deficit of attention -probably linked to general posterior parietal dysfunction-or the dysfunction of distinct attentional systems that relate to different neural substrates. We explored this issue by testing an adult patient, IG, with a specific damage of the bilateral superior parietal lobules after stroke, on tasks assessing the VA span as well as temporal and spatial attention shifting. IG demonstrated a very severe VA span deficit, but preserved temporal attention shifting. Exogenous spatial orientation shifting was spared but her performance was impaired in endogenous attention. The overall findings show that distinct sub-systems of visual attention can be dissociated within the parietal lobe, suggesting that different attentional systems associated with specific neural networks can be selectively impaired in developmental dyslexia.
Introduction
A variety of visual attention deficits has been reported in dyslexic individuals, supporting the visual attention account of developmental dyslexia (DD) (Vidyasagar and Pammer, 2010) . More specifically, three main types of deficits have been reported: a visual attention (VA) span deficit (Bosse et al., 2007) , a temporal attention shifting deficit (Hari and Renvall, 2001 ) and a spatial attention orienting deficit (Facoetti et al., 2001) . The Visual attention (VA) span deficit results in poor multi-element parallel processing due to a reduction of the visual attention resources available for processing. Deficits in exogenous and endogenous orienting of spatial attention are also reported, together with temporal attention shifting deficits that prevent the normal processing of rapidly presented stimulus sequences. These deficits follow from difficulties to engage or disengage attention during spatial processing or fast temporal processing. Although the existence of visual attention deficits in DD is now well established, some authors propose that they reflect the dysfunction of one single attentional system (Facoetti et al., 2006; Vidyasagar and Pammer, 2010) while others argue for two independent and functionally distinct, VA span and sluggish attentional shifting, systems that could be selectively impaired in DD (Lallier et al., 2010a (Lallier et al., , 2010b (Lallier et al., , 2010c Lallier and Valdois, 2012) . Here, we will shed light on this debate from a neurobiological perspective. We reasoned that if attentional shifting and VA span deficits reflect the dysfunction of a single attention system, both skills should be implemented in the same neural network. Alternatively, two functionally distinct attentional systems should be implemented in two anatomically distinct neural networks.
There is no doubt that the parietal cortex plays a key role in attentional processing (Friedrich et al., 1998; Corbetta and Shulman, 2002, 2011) and the sluggish attentional shifting skills of dyslexic individuals have been proposed to be underpinned by a dysfunction of this brain structure (Hari and Renvall, 2001 ). However, attentional shifting involves several different fronto-parietal sub-networks (Chica et al., 2013; Fan et al., 2002) that might be selectively affected in developmental dyslexia. From another line of research, bilateral superior parietal lobules have been identified as the cerebral correlates of the VA span, thus pointing to a dysfunction of a specific parietal area in relation to VA span deficits in DD (Lobier et al., 2012a (Lobier et al., , 2012b (Lobier et al., , 2014 Peyrin et al., 2011 Peyrin et al., , 2012 Reilhac et al., 2013) . Since the role of the SPLs in VA
